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Abstract.
BACKGROUND: In antidepressant trials for pediatric patients with depression or anxiety disorders, the risk of suicidal events
and other severe psychiatric adverse events such as aggression and agitation is increased with antidepressants relative to placebo.
OBJECTIVE: To examine whether largely mentally healthy adolescents treated for a non-psychiatric condition are also at
increased risk of suicidality and other severe psychiatric disorders.
METHODS: This is a re-analysis of a placebo-controlled duloxetine trial for juvenile fibromyalgia based on the main journal
article and additional data published in the online supplementary material and on ClinicalTrials.gov. Both serious adverse events
related to psychiatric disorders and adverse events leading to treatment discontinuation were defined as severe treatment-emergent
psychiatric adverse events.
RESULTS: We found that a significant portion of adolescents had treatment-emergent suicidal ideation and behaviour as well
as other severe psychiatric adverse events with duloxetine, but no such events were recorded on placebo. The incidence of severe
treatment-emergent psychiatric adverse events was statistically significantly higher with duloxetine as compared to placebo.
CONCLUSIONS: Antidepressants may put adolescents at risk of suicidality and other severe psychiatric disorders even when
the treatment indication is not depression or anxiety.
Keywords: Duloxetine, antidepressant, RCT, suicidality, suicidal ideation, suicidal behavior, serious adverse event
1. Introduction
In 2004 the Food and Drug Administration (FDA) issued a black box warning for antidepressants,
stating that this drug class may cause suicidal ideation and behavior in children and adolescents. This
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was based on findings from a large internal meta-analysis of published and unpublished trials conducted
by the FDA, indicating that the risk of suicidal events is increased with antidepressants relative to
placebo in pediatric patients with depression and other psychiatric disorders [1,2]. The results of this
FDA meta-analysis were independently replicated by various other research groups [3–6] and are thus
considered robust and reliable. Nevertheless, the FDA black box warning of increased suicide risk with
antidepressants in pediatric patients has drawn much criticism.
For instance, various authors concluded on the basis of ecological studies that antidepressants would
protect against suicide, but ecological studies cannot demonstrate cause-effect relationships and most
of these studies were shown to be flawed and/or misrepresented, for example, one influential study
misleadingly associated an increase in suicide between 2003 and 2004 to a reduction in antidepressant
prescriptions between 2004 and 2005, and another highly cited study assessed intentional and non-
intentional poisoning by psychotropic agents instead of suicide attempts, but interpreted the results as
if the outcome was the latter [7–10].
A more convincing argument has been that an increased risk of suicidal events with any antidepressant
relative to placebo has only been detected by meta-analyzing trials that were neither designed nor powered
to detect suicidal events. Although the risk of suicidal events was increased with all new-generation
antidepressants, the effect was not statistically significant for individual drugs except for venlafaxine [1].
However, there are also individual trials showing significantly increased suicidal event rates specifically
with paroxetine and fluoxetine, but this was first accurately assessed and communicated by independent
researchers upon re-analysis of the data [11,12]. These important re-analyses have shown that in the
primary trial publications the number of suicidal events were misreported, resulting in a systematic
underestimation of the true risk (see also [5,13,14]. Unfortunately, it appears that the misreporting of
serious adverse events (SAE) and other safety data is pervasive in publications of drug trials, both in
psychiatry [15,16] and in general medicine [17,18]. For a systematic review, see Golder et al. [19].
Another crucial issue with the evaluation of adverse drug effects are false statistical and clinical
inferences. Most authors conduct statistical tests to detect differences in adverse events rates between
treatment arms, without considering (or acknowledging) that when specific events are rare and the
sample size is small, these analyses lack the power to detect even substantial and clinically important
differences [20,21].When a difference between treatment arms is not statistically significant, it is common
practice for authors to conclude that there was no difference [21–23]. However, this inference is false, as
“absence of evidence is not evidence of absence” [24] and ultimately this common flaw increases the
risk that adverse effects of a drug that may cause serious harms are not considered in clinical decision
making [21,23,25].
The aim of the present study was to re-analyze the safety data of a duloxetine trial for juvenile
fibromyalgia. The study was sponsored and conducted by Eli Lilly, the manufacturer of duloxetine, and
the first author was an employee of Eli Lilly. In the main publication of this trial, the authors concluded
that “There were no new safety concerns related to duloxetine in the study population”, specifically stating
that “the suicidal ideation events reported with duloxetine were not significantly different from placebo-
treated patients” [26]. As comprehensive data on suicidality and other psychiatric adverse events were
available for this trial from different sources, our aim was to critically re-evaluate the data and the authors’
conclusion. In addition to the availability of comprehensive adverse event data, another reason to examine
this particular trial was that the participants had mostly no or only mild psychopathological symptoms at
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Based on the literature, we hypothesized that close inspection and re-analysis of the data would
reveal a higher incidence of treatment-emergent suicidal and other severe psychiatric adverse events with
duloxetine relative to placebo.
2. Methods
2.1. Study design and procedure
This is a secondary analysis of a multi-site phase-III trial of duloxetine for the treatment of adolescents
with chronic musculoskeletal pain meeting diagnostic criteria of juvenile fibromyalgia. The detailed
methods of this trial are reported in the target article [26]. In short, the trial enrolled juvenile patients
aged 13–17 years with fibromyalgia from the United States, Argentina, India and Puerto Rico. Exclusion
criteria were acute suicidality and suicide attempts in the 12 months prior to entry into the trial as
well as any current or past psychiatric disorder, except major depression, generalized anxiety disorder,
adjustment disorder, specific phobias, and attention-deficit/hyperactivity disorder (for the latter only when
no pharmacologic treatment was required). Likewise excluded were patients who were not likely to benefit
from duloxetine treatment, in the opinion of the investigator, and patients who had prior nonresponse or
inadequate tolerance to duloxetine for any clinical use. Patients were randomized to duloxetine or placebo
for a 13-week double-blind acute treatment period. Participants who completed the acute treatment period
entered a 26-week extension period where all participants were treated open-label with duloxetine.
According to Swiss law no approval by an ethics committee was required for this study as it was a
secondary analysis of de-identified data freely available in the public domain.
2.2. Data sources and outcomes
For the present re-analysis we combined the data from three different sources: (1) the main arti-
cle by Upadhyaya et al. published in the journal Pediatric Rheumatology [26]; (2) the supplemen-
tary material published online on the journal website (https://ped-rheum.biomedcentral.com/articles/
10.1186/s12969-019-0325-6); and (3) the results reported on ClinicalTrials.gov (https://clinicaltrials.
gov/ct2/show/results/NCT01237587?view=results). All adverse were extracted from the data for the acute
double-blind period and the open-label extension period. Out definition of a severe treatment-emergent
psychiatric adverse event included (1) all SAE related to suicidality and other psychiatric disorders
according to MedDRA terms and (2) any psychiatric adverse event that lead to treatment discontinuation.
In addition to adverse events reports, during the acute treatment period suicidality was also assessed
with the Columbia-Suicide Severity Rating Scale (C-SSRS) [27]. Results for the C-SSRS were analyzed
separately.
2.3. Statistical analysis
The incidence rate of severe treatment-emergent psychiatric adverse events as defined above was
calculated based on the number of events relative to the number of participants at risk. We used Barnard’s
test because it is the statistically most powerful test for 2 × 2 contingency tables with two independent
binomial distributions and one margin fixed [28]. Fisher’s exact test, despite being frequently used, leads
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analyses [28]. We used R’s “Exact” package and calculated both one-tailed and two-tailed results of
Barnard’s test. Application of one-tailed significance tests was considered appropriate as our directed
hypothesis was that duloxetine increases the risk of severe psychiatric adverse events relative to placebo.
The number needed to harm (NNH) was calculated with the formula 1/ARI (Absolute Risk Increase),
where ARI = duloxetine event rate minus placebo event rate.
3. Results
3.1. Sample characteristics at baseline
In total n = 91 participants were randomized to duloxetine and n = 93 participants to placebo. Of these,
n = 74 (81.3%) and n = 75 (80.6%), respectively, completed the 13-weeks acute double-blind treatment
period and entered the 26-weeks open-label duloxetine extension period. Altogether n = 106 participants
completed the open-label duloxetine extension period, including n = 50 (66.7%) who were previously
treated with placebo during the acute period and n = 56 (75.7%) who had continued duloxetine treatment.
Participants mean age at study entry was 15.7 years (SD = 1.4) for the duloxetine arm and 15.3 years
(SD = 1.4) for the placebo arm; 80.2% (duloxetine arm) and 69.9% (placebo arm) were female. The
severity of mental illness according to Clinical Global Impression (CGI) severity scores was 2.1 (SD =
1.2) for patients randomized to duloxetine and 2.0 (SD = 1.1) for patients randomized to placebo. This
indicates that the average participant was borderline ill (CGI score of 2) and that most participants scored
between not ill at all (CGI score of 1) and mildly ill (CGI score of 3). Finally, 18.7% (duloxetine arm) and
16.1% (placebo arm) had a lifetime diagnosis of major depressive disorder, 11.0% and 6.5% had a lifetime
diagnosis of generalized anxiety disorder, and 4.4% and 7.5% had a lifetime diagnosis of attention deficit
disorder.
3.2. Suicidal and other severe psychiatric events in the acute treatment period
During the 13-weeks acute treatment period 2 participants in the duloxetine arm experienced a SAE
as compared to 0 in the placebo arm. Of these 2 SAE in the duloxetine arm, 1 was classified as suicidal
ideation according to MedDRA terms. In addition, 3 participants in the duloxetine arm had a treatment-
emergent psychiatric adverse event leading to discontinuation, of which 1 was due to anxiety, 1 due to
depressed mood, and 1 due to suicidal behavior. In the placebo arm none was recorded. Thus, in the
duloxetine arm there were in total 4 severe psychiatric adverse events, including 2 suicidal events that were
either recorded as serious or that lead to discontinuation as compared to 0 in the placebo arm (see Table 1).
The estimated incidence rates for severe treatment-emergent psychiatric adverse events were 4.4% for
duloxetine vs. 0% for placebo, resulting in a statistically significant difference according to Barnard’s test
(p =0.044 two-tailed and p =0.034 one-tailed). The NNH was 22.8.
According to the C-SSRS, 6 participants in the duloxetine arm (6.6%) experienced an event, of which
all were rated as suicidal ideation and behaviour. In the placebo arm, 4 participants (4.3%) had an
event, including 3 participants with suicidal ideation and behaviour and 1 with non-suicidal self-injurious
behaviour. Barnard’s test yielded p = 0.510 (two-tailed) and p = 0.260 (one-tailed). When only suicidal
events were counted, that is, suicidal ideation and behaviour, then there were 6 events on duloxetine (6.6%)
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test (p = 0.304 two-tailed and p = 0.159 one-tailed). The NNH for suicidal events based on the C-SSRS
was 29.7.
3.3. Suicidal and other severe psychiatric events in the extension treatment period
During the 26-week open-label duloxetine extension period, 9 SAE were reported, of which 2 were
classified as suicide attempts, 1 as intentional overdose, 1 as intentional self-injury, and 1 as suicidal
ideation. SAE reports related to other psychiatric disorders according to MedDRA terms included 1
affective disorder and 1 auditory hallucination. In addition, there were 3 psychiatric adverse events that
lead to discontinuation, of which 1 was recorded as major depression, 1 as irritability, and 1 as affective
disorder (see Table 1). In n = 149 participants at risk the total number of suicidal events with duloxetine
was thus 5 (incidence rate: 3.4%) and the total number of severe psychiatric events (SAE and psychiatric
adverse events leading to discontinuation) was 10 (incidence rate: 6.7%). Interestingly, 5 of 7 SAE (71.4%)
and 6 of 10 severe psychiatric events (60.0%) occurred in participants who were treated with placebo
during the acute treatment, that is, in patients who were newly started on duloxetine in the extension
period.
3.4. Suicidal and other severe psychiatric events over the entire treatment period
As shown in Table 1, the total number of suicidal events over the entire study period was 7 for patients
exposed to duloxetine (n = 166 at risk) and 0 for patients exposed to placebo (n = 93 at risk). The estimated
incidence rate of suicidal events was 4.2% for duloxetine as compared to 0% for placebo. Barnard’s test
yielded p = 0.054 (two-tailed) and p = 0.024 (one-tailed) and the NNH was 23.7.
With psychiatric SAE added to the equation (+2 events), there were in total 9 events for duloxetine
(incidence rate: 5.4%) as compared to 0 for placebo (incidence rate: 0%). These rates differed significantly
according to Barnard’s test (p = 0.024 two-tailed and p = 0.008 one-tailed) and the NNH was 18.4. When
psychiatric adverse events leading to discontinuation were further added to the equation (+5 events), there
were in total 14 events for duloxetine (incidence rate: 8.4%) as compared to 0 for placebo (incidence rate:
0%). These rates differed significantly according to Barnard’s test (p = 0.002 two-tailed and p = 0.001
one-tailed). The resulting NNH was 11.9.
It is possible that one severe psychiatric event that occurred in the extension period (affective disorder)
was recorded once as a SAE and once as an event leading to discontinuation. For this reason, we re-ran
the last model by counting this event only once, which resulted in 13 events for duloxetine (incidence rate:
7.8%) vs. 0 for placebo (incidence rate: 0%). According to Barnard’s test this difference was statistically
significant (p = 0.002 two-tailed and p = 0.001 one-tailed) and the NNH was 12.8.
4. Discussion
According to this re-analysis of a duloxetine trial for juvenile fibromyalgia [26], during the acute
placebo-controlled treatment period there were 4 severe treatment-emergent psychiatric adverse events
in the duloxetine arm, of which 2 were suicidal events recorded either as SAE or leading to treatment
discontinuation. No severe psychiatric events were reported in the placebo arm. The estimated incidence
rates were 4.4% vs. 0% and achieved statistical significance with Barnard’s test, indicating that severe
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to placebo. Over the entire study, including acute and extension period, there were in total 7 suicidal
events in patients on duloxetine (exposure time 23–39 weeks, depending on whether participants were
randomized to placebo for the acute treatment period), yielding an incidence rate of 4.2%. When other
severe psychiatric events were added (mostly treatment-emergent mood disorders), then there were in total
14 events recorded as SAE or leading to treatment discontinuation (incidence rate: 8.4%). As detailed
above, in patients randomized to placebo (exposure time 13 weeks) no single suicidal or other severe
psychiatric event was recorded, yielding an incidence rate of 0%. Barnard’s test indicated that suicidal
events (one-tailed test only) and any severe psychiatric adverse event (both two- and one-tailed test) were
significantly more likely to occur in patients on duloxetine as compared to placebo, but this should be
interpreted with caution due to dissimilar exposure time.
Given that at baseline the participants were not acutely suicidal and mainly mentally healthy (showing
no or mild psychopathological symptoms), the estimated incidence rates for suicidal events and any severe
treatment-emergent psychiatric adverse event were remarkably high in this duloxetine trial for juvenile
fibromyalgia. As duloxetine is supposed to treat as well as to prevent depression symptoms, it is astonishing
that several patients on duloxetine developed suicidal ideation and mood disorders, but no patient did so
on placebo. In this respect it is also important to note that 6 severe psychiatric adverse events, including 3
suicidal events, were recorded during the duloxetine extension period in participants whowere treatedwith
placebo during the acute treatment period. Thismeans that the adolescents had no severe psychiatric events
while treated with placebo for 13 weeks, but after duloxetine treatment was initiated several participants
newly developed suicidality or mood disorders that were severe enough to be recorded as SAE (n = 5)
or to require treatment discontinuation (n = 1). These findings suggest that antidepressants indeed may
cause suicidal ideation and behaviour as well as severe emotional disturbances, a notion that is consistent
with the results of independent (re-)evaluations of various pediatric depression trials [6,11,12] and the
summary estimates for any antidepressant drug derived from meta-analyses of pediatric trials [1,3–5].
However, we acknowledge that according to the assessment with the C-SSRS, during the acute treatment
period there were 6 events in the duloxetine arm and 4 in the placebo arm, of which 6 and 3, respectively,
were recorded as suicidal ideation and behavior (1 event in the placebo arm was recorded as non-suicidal).
The estimated incidence rates for suicidal events were hence 6.6% for duloxetine and 3.2% for placebo.
Although the rate of suicidal events is more than two times higher for duloxetine as compared to placebo,
this difference was not statistically significant. However, one must not interpret these figures as evidence
of no difference simply because the statistical test did not meet the conventional threshold of statistical
significance (p < 0.05) [22,24,29]. This false inference is particularly problematic when samples are not
adequately powered to detect rare but clinically important harms [20,21,23,25].Moreover, according to the
adverse event reports there was neither a psychiatric SAE nor a psychiatric event leading to discontinuation
in the placebo arm. Therefore, we suggest that the 3 suicidal events on placebo according to the C-SSRS
were likely not severe. It is also possible that the C-SSRS assessment had produced false-positive results
[29,30]. Although the scale has become the gold-standard in suicidology, empirical research has cast doubt
on the scale’s validity and its ability to reliably detect active suicidal ideation [30–32].
This study has two major limitations. First and foremost, we had no access to raw individual participant
data. Therefore, it was not possible to determine when exactly the adverse events occurred and in which
participant. Some participants may have experienced several psychiatric adverse events, and it could also
be that the same event was recorded both as an SAE and as an event leading to discontinuation. For
instance, during the extension phase there was one SAE recorded as affective disorder, and it could be
that this was the same event also recorded as discontinuation due to affective disorder. For this reason, we
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interpretation of themain result. Having no access to the raw data alsomeans that wewere not able to verify
whether all suicidal events were accurately reported by the study sponsor (Eli Lilly, the manufacturer of
duloxetine). This is of concern, as independent assessments and re-evaluations of antidepressant trials have
consistently shown that suicidal events and other severe psychiatric adverse events are often misreported
in industry-sponsored trials [5,12,15].
Second, over the entire study period the exposure time was necessarily higher for duloxetine as
compared to placebo, as exposure to placebo was restricted to the acute treatment period. However, 71%
of SAE and 60% of any severe psychiatric adverse event that occurred on duloxetine during the extension
period were recorded in participants who were randomized to placebo for the acute period, so the exposure
to duloxetinewas necessarily limited to the extension period in these participants. In addition, given that no
single severe psychiatric adverse event was reported for placebo in the acute treatment period, it is unlikely
that a placebo extension period would have produced as many severe psychiatric events as recorded in the
duloxetine extension period.
In conclusion, our re-analysis of the safety data of this duloxetine trial for juvenile fibromyalgia provides
further evidence that antidepressants may cause suicidal events and other severe psychiatric adverse
events in pediatric patients. Safety plans regarding suicidality should be part of standard practice when
prescribing duloxetine for fibromyalgia, especially given the fact that, as opposed to entry criteria into
the studies, clinic patients frequently have baseline suicidality [33]. Our findings reinforce the FDA black
box warning and further suggest that antidepressants may cause suicidality and other severe psychiatric
disorders in adolescents with no or mild psychopathological symptoms at baseline. The benefits of
antidepressants for pediatric patients must be weighed against these clinically important harms and it
is important to warn mentally healthy children and adolescents that they may develop severe psychiatric
disorders after starting an antidepressant.
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